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Introduction

This report presents the results of Structural Integrity and Damage Evaluation Routine
(SIDER) inspection demonstrations of two large-scale balsa core panels. SIDER looks at an
entire structure and identifies locations where there is variability in structural stiffness. These
areas either are due to the variability of the structure itself, or are manufacturing defects or in-
service damage. After a preliminary SIDER, a follow-up SIDER can show the change which has
taken place; this change is attributable to damage occurring between the two examinations.

The primary focus of the effort reported here was to demonstrate the SIDER procedure as a
potential method for verifying manufacturing integrity. As such, this test was not fully
documented; the effort was focused on rapidly obtaining and reducing the data. This report does
not, therefore, have complete test records which normally include full instrumentation details as
well as a comprehensive photographic record.

The parts that were inspected were sub panels cut from a full size panel. Each sub panel
was 10 feet long by 5 feet wide. The construction consists of a 3-inch balsa core, with carbon
0.25-in. thick, 19-0z carbon woven roving with 8084 vinyl ester resin face sheets. The 9-Ib/ft*
balsa panel is referred to as Part #1, while the 15-1b/ft* panel is referred to as Part #2 throughout
this report.

The parts were tested at the Naval Surface Warfare Center, Carderock Division. After a
preliminary look at the parts, one of the sub panels was placed on shock and vibration rubber
matting in order to dynamically isolate the part from the ground for testing. A test mesh,
described later, was marked on the structure. Data capture took about 50 minutes for each part.
Data reduction took about 10 to 15 minutes, after which the SIDER contour plots were available
for comparison with the structure.
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Grid
In order to conduct a SIDER analysis, the structure needs to be marked with a mesh of test
points. It was decided to use a uniform six-inch square mesh. This mesh size would be
sufficiently fine to resolve structural anomalies of interest. In addition, the mesh size would
enable mesh marking and complete data acquisition within a short time. The time it takes for
data acquisition is approximately proportional to the number of test points. The mesh was
marked with chalk lines.

The origin for the test mesh was chosen as the “bottom-left” corner of the panel. The x-
axis direction was in the direction of the 5-foot side, and the y-axis was in the direction of the 10-
foot side, and the z-direction was up. The first test point was located at coordinate position (3, 3,
0) inches.

The test locations were numbered with chalk. The first point was identified as point # “11°.
The point numbers incremented along the x-axis direction, with the last point on the first row
being point #20. The first point on the second row, at coordinate (3, 9) inches, was point #21.
The final test point was #210. Thus there were 200 test points.

It should be noted that a test mesh with a finer size, say 3 inches x 3 inches, could have
readily been used and testing completed in a reasonable amount of time, that is, approximately
two hours per panel. However, since this demonstration was to show the feasibility of using
SIDER as an inspection method for full-scale panels, which are 50 x 50 ft, it was decided to use
a test mesh commensurate with testing these larger panels in a reasonable time. As such, a full-
scale 50 x 50 ft panel would require about 5 hours of testing, using about 1000 test points.

Accelerometer Locations

Most SIDER tests use four accelerometers, arranged on an almost symmetrical pattern.
However, the symmetry is deliberately broken so that the accelerometer locations are partly
randomized. For this demonstration, four accelerometers were used for the SIDER calculations,
each with a nominal sensitivity of 100 mV/g. The panel test setup showing the test grid and
accelerometer locations, as well as the support configuration used is shown in Figure 1. The
accelerometers details are shown in Table 1.

Table 1. Location of the accelerometers

Accelerometer| S/N | Sensitivity |Analyzer channel| X | Y |Z
A 56034 (102.8 mV/g 2 54" 12" |0”
B 48917(102.0 mV/g 3 24"| 42" |0”
C 73282|101.8 mV/g 4 48| 78" |0”
D 73280(|101.9 mV/g 5 6” |108”|0"
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Data Quality

On site, the data quality was primarily assessed by observation of the individual coherence
functions. When the coherence was atypically poor, the measurement was repeated until either
the coherence improved, or it was assessed that the low coherence was a structural issue rather
than a test issue. After the fact, the data quality is assessed by the average coherence. Figure 2
through Figure 4 show the average coherence by different data sets. In keeping with our
standard procedures, the average coherence is shown separately for each transducer. In this way,
instrumentation or local structural problems can sometimes be identified.

Figure 1. Test Panel Setup for SIDER Testing

Note that the coherence axis for each graph is expanded, and only shows the range 80%-
100%. We would normally consider a high quality data set to have an average coherence in
excess of 95%, and preferably more than 95%.
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Figure 4. Average Coherence Comparison — Test Part #2 by Accelerometer

Observations from the Average Coherence Results

For both parts, and all accelerometers the data have a very good quality up to about
1200 Hz. Above that frequency, as is expected for impact testing, the data quality slightly
reduces. The data above 1200 Hz could probably still be used for SIDER, but it was decided to
limit use to the frequency range 200 to 1200 Hz.

Part #2 has a slightly lower average coherence. This is consistent with the visual
observation that Part #2 looked like it had more manufacturing problems. This corresponds to
the panel that had noticeable debonding of the face sheets from the balsa, and the swelling of the
balsa.
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Sider Test Results

SIDER can be used in a number of ways to inspect structures or components. Typically,
SIDER is used as a preliminary test method for rapidly interrogating large structures. If
structures or components to be inspected are small, that is, a few square feet, then conventional
non-destructive evaluation (NDE) methods such as ultrasonics may be more appropriate.

Once it has been determined appropriate to use SIDER, the results can be used used in a
number of ways. First, an evaluation of the part quality can be determined from a single one-off
inspection. Here, variations in stiffness in the structure can be identified. This is similar to what
is being done for this specific effort. When multiple components of the same configuration are
manufactured, differences between them can be mapped to verify part-to-part uniformity. Once
the structure is placed in service, a subsequent SIDER inspection can be used to identify areas
that have a stiffness change caused by in-service damage.

As described earlier, based on the coherence data the SIDER analysis was conducted from
200 to 1200 Hz, being the frequency range where the average coherence is above about 98%.

Figure 5 through Figure 8 show the SIDER contour plots for each of the parts. The axes
numbering is the distance in inches from the global origin. The crosses identify the test mesh.
The SIDER is a directional test. Thus, there are two figures for each tested part, one for the
analysis in the x-direction and one for the analysis in the y-direction. All graphs have the same
scaling, such that the same contour color identifies similar SIDER values. White indicates little
or no irregularity in structural stiffness, and red indicates a higher level of irregularity.

Figure 9 and Figure 10 show the y-axis analyses only using a surface plot. The plots are
auto-scaled, so that the coloring cannot quickly be converted to SIDER values. However, these
figures can sometimes help visualize locations where there is structural irregularity.
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Figure 10. Part #2, Y-Direction Analysis

Due to the severe nature of the damage identified in Part #2, it was decided to replot the
SIDER results using a different scale. In a single SIDER inspection, when a component
demonstrates a feature which significantly dominates the plots, the original auto-scale plots can
hide other less severe features that may still be of interest. Rescaling will often enable these less
severe features to be identified. If multiple parts were to be inspected, a scaling could be
established which would automatically indicate regions above the component norm. Figure 11
through Figure 14 repeat Figure 5 through Figure 8, but with a tenfold magnification. On these
plots anything over an original value of 10% is set to a uniform maximum value.

11



NSWCCD-65-TR-2005/04

120

110 4

100

a0 -

20

e

Gl -

a0

a0 -

20 -

+ + + + + + + + + F+ + + + 4+ F+ + 4+ +
+ + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + 4+ + + + + + +[+
TS T L R g R R R L e T
+ + + + + + + + 4+ + + + + 4+ + + 4+ +
AR R N T A T - T T R
g st ¥ s e R s ¥ sR BTk s e ¥
+ + + + + + + + + + + + + + + + + +
Loonferde fOgE 4o detal g O o e g g
+ + + + + + + + 4+ + + 4+ + 4+ + + 4+ +
|

10

I

|

| | | |
0 10 20 30 < 30 B0

Figure 11. Part #1, Y-Direction Analysis with 10x Magnification

12



NSWCCD-65-TR-2005/04

120 ' | | ' '
+ + 4+ + + + + + 4+ +
11n-+®-++++++-
+ + 4+ + + + + + +
M1+ + + + + + + + + +T
QD_%+++++++++_
+ + + + + + + +
seh e d b Heed e £ b defib
+ + + + + + + + [t
e + + 4+ + + + + + %[
j++++++++
T ||
s+ + + + + + + 4+ + +|
FTY F £ 4
“”‘+++++@+++§‘
SR
+ 4+ + + + + + +
20 ++++++++I_
+ + 4+ + + + + + +
W1+ + + + + + + + + +[
ﬂ++.+.++++.+.++

I
1] 10 20 a0 G Al Z 1)
Figure 12. Part #1, X-Direction Analysis with 10x Magnification

13



NSWCCD-65-TR-2005/04

12|:| | | ] | |

110 4

100

a0 -

a0 -

e

Gl

S0 -

20 -

20 —

10 -

+ + + + + + + + +

Figure 13. Part #2, Y-Direction Analysis with 10x Magnification

14



NSWCCD-65-TR-2005/04

120 ! ! ! ' !
110 -
100 -
a0 -
20 -
70 -
6D -

a0

a0 -
20 -

10

+
+
ES
'
s
o
aF
+
+
4
+
24
|

I I
0 10 20 A0 Gl al £
Figure 14. Part #2, x-Direction Analysis with 10x Magnification

15



NSWCCD-65-TR-2005/04

In this case, there are two small areas on panel 1 which show a difference from the rest of
the panel. These areas are located near grid points 76 and 86, and grid points 192 and 193. For
panel 2, there are many additional areas of concern which are too numerous to mention
specifically here. It should be noted that with additional SIDER testing of more components, a
baseline SIDER value could be established whereby only indications above this value are
considered significant and indicative of manufacturing problems or damage.

Conclusions
The results of the SIDER testing of the two test sections are as follows:

Panel #1 showed minimal damage in two distinct areas of the panel. The rest of the panel
appears damage free.

The recommendation is to interrogate those locations only with an alternative
technique such as ultrasonics. With additional alternate testing, it may be possible to
identify the specific cause of the SIDER features, and whether they are of structural
significance.

Panel #2 had several large areas of significant damage. These areas cover virtually the
entire plate.

The main recommendation is to use ultrasonics to map out the boundaries of the
major delaminations/debondsin order that they can be compared with the SDER results.
Additionally, if time permits, it may be appropriate to test the “ SDER-good” areasto
ensure that they are, indeed, damage free.

It should be noted that the SIDER algorithm is designed to monitor most of a structure.
However, the testing method means it is not usually possible to check extreme edges of a
structure. For the projected use on the 50-ft x 50-ft panels, this restriction should not be a
concern since any edge imperfections can be visually determined.

The testing that has been conducted on the full-thickness panel sections has successfully
and expeditiously identified the visible delaminations. Using the test mesh size used in this
study, a full-section 50-ft x 50-ft panel would take approximately six hours to test, plus about 15
to 20 minutes of data reduction.

16
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Recommendations

Before using SIDER to inspect full-size panels, several recommendations should be
implemented. First, some full-thickness panels with representative damage should be
manufactured and tested to calibrate the SIDER values. For example, on Panel No. 1, there were
two regions that SIDER had determined as having a different stiffness from the rest of the panel.
The question that needs to be addressed here is whether this level of damage is significant or not.
This analysis will enable SIDER to be calibrated such that only significant features are
identified. As a note, calibration testing is typically done for ultrasonic testing where flat bottom
holes are drilled in the material of interest and the system set up to identify specific diameter
holes.

Another test that is recommended is to take a panel with some degree of damage, and then
subject it to a loading that should grow the defect. Repeated SIDER inspection could then be
used to demonstrate the ability to determine damage growth.

If it is intended to use SIDER to inspect large-scale panels in service, then each
manufactured panel should be SIDER tested after manufacture and the results archived. The
pedigree of each panel would then be established. At a later time, subsequent SIDER inspections
can be performed and compared with the initial test. This will identify changes that have
occurred in the panels over time.
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